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(54) Abstract Title 

Determining the viscosity of a fluid from the exponential decay of an excited piezo-electric element 

(57) A method of determining the viscosity of the fluid by the steps of: determining a linear relationship 
between viscosity and a constant p, releasing the piezoelectric element and measuring the voltage produced, 
determining the constant p from the exponential decay of said voltage where 

V being voltage produced after n oscillations after a point in time when the voltage is V 0 and then from p, 
determining viscosity of said fluid. 
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Method of Determining Viscosity 

The invention relates to a simple and effective method of determining the 
viscosity of a fluid and in particular to a such a method using piezoelectric 
elements. 

Traditional viscometers are based on measuring the drag experienced by a body 
moving through a fluid. Such methods of measuring viscosity are often bulky, 
expensive and difficult to use. 

It is known that measurement of the damping of a piezoelectric oscillator can be 
used to measure fluid properties at low viscosities. The measurement is based on 
the principle that when an oscillator is immersed in a fluid, small displacements 
of the crystal induce a boundary layer which generates shear in the fluid. The 
reaction of the transducer is to increase its effective inertia, thereby decreasing the 
resonant frequency and increases loss in the resonating system. Solid state devices 
such as piezoelectric resonators are known for measuring viscosity. The 
frequency of oscillation of piezoelectric elements can be measured and when 
immersed in fluid, changes in frequency of oscillation are proportional to the 
damping ratio of the resonator and thus a measure of the viscosity of the fluid. 
Alternative systems examine the variation in phase and amplitude of travelling 
waves across piezoelectric materials. 

However in some applications, such as determining sensitive changes in viscosity 
in engineering oils to ascertain degradation, commercially available viscometers 
are not accurate as oscillation causes shear thinning effects arising from their high 
frequency of operation. Additionally, at these high frequencies the amplitude of 
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oscillations small compared to the diffusional distances and particle sizes and 
therefore does not give a macroscopic measurement of viscosity. 

US patents 4799378 and US 3943735 both describe the use of piezoelectric 
elements, and their use in measuring viscosity. The problem with the methods 
described to determine the viscosity is that they are complex and do not lend 
themselves to quick effective implementation requiring the minimum of 
computation. 

It is the object of the invention to provide an accurate, small and inexpensive 
viscometer which avoids shear thinning effects which is accurate and sensitive 
and capable of operating in high temperature and pressure environments. The 
inventor has overcome these problems by formulating an effective method to 
determine viscosity by mean of a simple relationship. This simple and 
inexpensive device allows the use of such a fluid condition monitoring sensor in 
large volume applications and in harsh environments, neither of which are 
possible with existing systems. 

The invention comprises a method of determining the viscosity of the fluid by the 
steps of: 

a) determining a linear relationship between viscosity and a constant p, 

b) inserting a piezoelectric element into said fluid and exciting said element to 
cause it to deflect; 

c) releasing the piezoelectric element and measuring the voltage produced, 

d) determining the constant P from the exponential decay of said voltage where 

V = Voe' n ^ 

V being voltage produced after n oscillations after a point in time when the 
voltage is V G 

from p and step a) determining viscosity of said fluid. 
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The invention will now be described with reference to the following figures of 
which: 

Figure 1 shows a piezoelectric element suitable for use in the method of 
measuring viscosity according to the invention. 

Figure 2 shows the damped oscillation of a released excited piezoelectric 
viscometer. 

Figure 3 shows how energy dissipation is linearly related to viscosity. 

Figure 1 shows a representation of a bimorph piezoelectric viscometer, 
cantilevered onto support 2. The bimorph comprises two individual piezoelectric 
elements 3 and 4 sandwiched together. This ceramics are chemically bonded by 
sintering them together with a metal-loaded ink. This allows them to be used at 
high temperatures where adhesives would be non-linear or fail.. The elements are 
electrically polarised in opposite directions. As is clear to the skilled person 
electric excitation will cause the bimorph to bend. Such a configuration allows 
large bending amplitudes and has low resonant frequencies. 

A pulse signal is used to deflect the bimorph and using a charge or voltage 
amplifier in series with the bimorph, a signal from the bimorph as it decays. On 
releasing a strained piezoelectric element such as that of figure 1, it will undergo 
damped harmonic motion as shown in figure 2. The damping motion can be 
described by the intrinsic damping associated with the bimorph and the external 
force of the fluid in which it is immersed. In most situations the extrinsic 
contribution will dominate and allow the determination of the viscoelastic 
properties of the fluid to be determined from an analysis of oscillatory decay of 
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the bimorph. The more viscous the fluid, the more damping and the quicker the 
decay curve flattens out. By measuring the decay constant the viscosity of the 
fluid can be determined. The decay curve can be described by the general 

formulae V = V 0 e~ n ^' where V 0 is the voltage at a particular point in time and 

V is the voltage at n cycles thereafter, and p is linearly related to viscosity of the 
fluid as shown in figure 3. V may be suitably measured by measuring the voltage 

peaks. Essentially V 0 e" n ^' describes the envelope 5 of the signal (fig 2). (3 is 
linearly related to viscosity of a fluid and the viscometer may be calibrated by 
measuring p at two points, e.g. in air, water or with a standard oil of known 
viscosity. Figure 3 shows how energy dissipation is linearly related to viscosity. 
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Claims 

1 . A method of determining the viscosity of the fluid by the steps of: 

a) determining a linear relationship between viscosity and a constant p, 

b) inserting a piezoelectric element into said fluid and exciting said element to 
cause it to deflect; 

c) releasing the piezoelectric element and measuring the voltage produced, 

d) determining the constant p from the exponential decay of said voltage where 

V = V 0 e- nV P' 

V being voltage produced after n oscillations after a point in time when the 
voltage is V 0 

from P and step a) determining viscosity of said fluid. 

2. A method as claimed in claim 1 wherein step d) comprises measuring the 
voltage at peaks. 

3. A method as claimed in claims 2 or 3 wherein the electrical excitement of the 
element and the measurement of output voltage die to subsequent oscillation of 
the element is performed via the same terminals on the element. 
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